I. INTRODUCTION
Renewable energy such as solar has become increasingly important for power generation due to the need for a reduction of greenhouse gas emissions like CO 2 [1] . Now, solar energy has moved to the forefront in the search to replace current fossil fuels.
The climatic conditions in Malaysia are highly favourable for the development of solar energy as Malaysia lies entirely in the equatorial zone [2] . Both irradiance and temperature have been found to have a substantial effect on the performance of solar cells [3] .
In Malaysia, the different geographical states demonstrate different temperature values. According to the Malaysian Meteorological Department, the lowest temperature was recorded in Cameron Highlands as 7.8 °C in February 1978 and the highest temperature was recorded at Chuping, Perlis at 40.1 °C on April 1998 [4] .
Some research works have been carried out to determine the effect of temperature on a solar PV panel. The annual output energy of a solar PV system was found to increase by about 1 % by an improvement of 0.1 %/°C in the temperature coefficient [5] . An increase of 1 % could contribute a huge amount of output energy, especially for a solar PV plant. Therefore, it is important to identify the irradiance and temperature levels of a site before installing a solar PV plant. If the irradiance is the same but different sites show different temperatures, the location with a low temperature should be selected.
II. MONO-CRYSTALLINE SOLAR PV PANEL
The solar cell is a semiconductor device that converts solar energy into electricity. Basically, a solar cell is a p-n junction in a thin wafer of semiconductor [6] . When a solar cell is exposed to sunlight, the photons with energy greater than the band-gap energy of the semiconductor are absorbed and create a number of electron-hole pairs proportional to the incident irradiation [7] . These carriers are swept apart and create a photocurrent, under the influence of the internal electric fields of the p-n junction which are directly proportional to solar insolation [8] .
Crystalline silicon solar cell was one of the first to be developed [9] and continues to be the dominant material for solar PV production in the world [10] . In addition, silicon is at present the most abundant material found in the earth's crust and is well understood in the integrated circuit industry [11] . Crystalline silicon PV can be subdivided into cells made of poly-crystalline or mono-crystalline [12] . The cell efficiencies for mono-crystalline silicon are found to be significantly higher than for poly-crystalline silicon [13] .
The standard test conditions (STC) for the performance of the solar cell are a solar spectrum irradiance called the Air Mass of 1.5, an irradiance of 1000 W/m 2 , and a cell temperature defined as 25 °C [14] . In this research, a 50 W mono-crystalline solar panel was taken as the reference model for experiment and simulation. The key specifications of the solar PV are shown in Table 1 . Temperature plays an important factor in determining solar cell efficiency [15] . As the temperature increases, the rate of the photon generation increases. Consequently the reverse saturation current increases rapidly and this reduces the band gap. Hence this leads to marginal changes in the current but major changes in voltage [16] .
The open-circuit voltage (Voc) and short-circuit current (Isc) are the two major electrical parameters [17] generally used to characterise solar cells. The Voc corresponds to the voltage across the internal diode when the total generated photocurrent flows through the diode [18] . The temperature depends on these two parameters [19] .
IV. EXPERIMENTAL RESULTS
Increases in temperature reduce the band gap of the solar cell, which affect the solar cell electrical parameters [20] [21] [22] such as Pmax, Voc, and Isc. This theory has been proven by doing experimental work and by and simulation of the solar panel under a constant irradiance of 458.2 W/m 2 with various temperatures. A mono-crystalline solar panel is used in this research to supply 50 W nominal maximum power via 36 series connected monocrystalline silicon cells. The key specifications are listed in Table 1 .
Based on the experiment, a dominant effect with increasing temperature of the solar panel caused a linear decrease of the
The experiment was conducted starting from 25 °C (solar cell operating temperature) until 60 °C under a constant irradiance of 458.2 W/m 2 . This constant irradiance was produce in a 0.8 m x 0.8 m closed box with 49 halogen lamps where one lamp equal to 50 W. Figure 1 shows the temperature profile of a solar PV at 27.7 °C that was recorded using a thermal imager. Temperature at 27.7 °C was analysed. Figure 2 shows the voltage-current (V-I) characteristic and Figure 3 shows the power-voltage (P-V) characteristic plotted for a temperature sample of 27.7 °C measured experimentally. At a temperature of 27.7 °C, the Voc decreases and the Isc increases due to the temperature rise that results in reduced power output. All data presented in Table 3 is illustrated in Figure 4 , Figure 5 , and Figure 6 . Figure 4 shows that an increase in the temperature will cause Pmax to decrease. The same trend occurs for Voc when the temperature increases as shown in Figure 5 . Figure 6 shows a very small increase of Isc when the temperature increases. A 50 W mono-crystalline solar panel was modelled using Matlab/Simulink and was validated using the data sheet from the manufacturer as in Table 1 . The simulation was run simultaneously with the temperature values in the experiment. Table 4 illustrates a comparison of the experimental and simulation results. As can be seen, when the surface temperature of a solar PV rises, the Pmax and Voc decrease while the Isc increases. If the experimental result is compared with the simulation result, Pmax and Voc are slightly higher than the simulation result, but the experimental result for Isc is slightly lower than the simulation result. The average percentage of the difference power (% P) of the experimental and simulation result is 9.65 %.
The impact of the single sample (27.7 °C) temperature on the current and maximum power output is shown each in Figure 7 and Figure 8 . The increase in the short circuit current and decrease in the open voltage due to temperature rise resulted in a reduced power output. 
VII. CONCLUSION
Temperature is a parameter of great importance as it has a great effect on solar cell efficiency and other output parameters such as Pmax, Voc and Isc. The main effect of increasing temperature for a monocrystalline solar cell is a reduction in Voc, and hence the cell output power which means the cell will suffer from reduced efficiency.
The temperature of the solar cell has a huge impact on the efficiency of a photovoltaic system, especially in a large system. Therefore, the selection of a location to install a solar PV is very important. For example, State A and State B in Malaysia may have the same irradiance but different temperatures. An investor should select the location with a low temperature to install the solar PV because every watt lost in a higher temperature environment will contribute to a huge number across an entire solar PV plant. These losses will have a high impact in the future.
Based on experimental results, the mono-crystalline solar panel performance are between temperatures of 25 °C to 35 °C. Hence, the best performance for solar panels in Malaysia is suggested in areas with cold or warm temperatures based on Table 2 . If there is a choice between sites to be made, it would be better to select a location with a low temperature if the irradiance is the same in order to achieve a better performance of the solar PV.
